Objectives: Many studies have reported an association between overwork and hypertension. However, research on the health effects of long working hours has yielded inconclusive results. The objective of this study was to identify an association between overtime work and hypertension in wage workers 45 years and over of age using prospective data.
Introduction
Uehata coined the term "karoshi" (sudden death from overwork) in the 1980s [1, 2] . He analyzed cases of occupational accidents undergoing counseling, 70.1% of which involved fatigue-related deaths, and found that the primary cause was stroke or cardiac disease due to long working hours [3] . Concerns about long working hours and research on the associated risks subsequently increased in Japan [1] . The situation in the Republic of Korea (hereafter, "Korea") is not different. In 2011, the average number of working hours per year was 2,090, which is second-highest among OECD countries, so long working hours is emerging as a social issue in Korean society [4] .
Long working hours may have various adverse effects. For example, overwork is known to be associated with mortality [5] , cardiovascular disease [2, 6] , diabetes mellitus [7] , hypertension [8] [9] [10] , metabolic syndrome [11] , work disability [12] , and depression [13] .
Among these adverse effects, hypertension is important with respect to public health because it is closely and directly related to vascular mortality [14] , and is a major cause of stroke [15] . Worldwide, 7.6 million premature deaths (about 13.5% of the global total) and 92 million disability-adjusted life years (6.0% of the global total) were attributed to high blood pressure [16] . In particular, the prevalence of hypertension is 30% among individuals ≥30 years of age in Korea [17] . About 35% of cases of cerebrovascular disease and 21% of cases of ischemic heart disease were attributed to hypertension in Korea in one study [18] .
Along with the increased awareness of these problems, epidemiological research suggests that long working hours may be an important amenable risk factor for hypertension [8, 19] . However, research results on the health effects of long working hours have been inconclusive. Yang et al. [20] reported a positive association between work hours and hypertension in the California working population. Hayashi et al. [9] showed that the 24-hour average blood pressure of the overtime groups was higher than that of the control groups. However, several studies showed a negative association. Nakanishi et al. [21] and Wada et al. [22] reported that the risk of hypertension decreased as working hours increased. Moreover, some studies have not found any association. Park et al. [23] identified a relationship between overtime work and certain cardiovascular function parameters in a field survey of 238 male engineers in Korea. However, the authors did not observe the effect of long working hours on blood pressure. Sorensen et al. [24] and Pimenta et al. [25] also could not show any association between long working hours and the risk of hypertension.
Due to inconclusive evidence on this topic, difficulties have arisen in terms of improving working conditions and worker compensation policies. Against this background, we explored the relationship between the number of working hours and self-reported hypertension using prospective data.
Materials and methods

Subjects
This study used a sample from the first-to third-wave data of the Korean Longitudinal Study of Ageing (KLoSA) conducted by the Korea Labor Institute and Korea Employment Institute Information Service. Research was conducted in 2006, 2008, and 2010. In 2006, 15 major cities and provinces were selected by stratification, and 1,000 households were randomly selected. Of these 1,000 selected households, successful interviews were conducted in 6,171 households, and the total number of surveyed subjects was 10,254. These subjects underwent biennial follow-up.
The interviewers visited each house with a laptop computer. They instructed the subjects to read questions and then input the answers by themselves. The first   wave of interviews was conducted from August through  December 2006, the second wave from July through November 2008 and the third wave from October through  December 2010. A total of 3,888 workers were selected from among the 10,254 subjects selected in the first wave, and 581 who were unfit for longitudinal study due to failure to undergo follow-up surveys in both the second and third waves were excluded. We also excluded 1,820 self-employed workers or unpaid family workers because this study only considered wage workers. In addition, subjects with hypertension (n = 276) or major diseases such as malignant neoplasia (n = 15), cardiovascular disease (n = 20), cerebrovascular disease (n = 4), or diabetes mellitus (n = 76) were excluded. Moreover, subjects with missing data with respect to the number of hours worked per week (n = 5), education level (n = 1), occupation (n = 1), and height and weight (n = 10) were eliminated. In the end, 1,079 subjects were included in the study (Figure 1 ).
Study variables and measurements
Self-reported hypertension and onset time Self-reported hypertension and the date of diagnosis, both of which were important variable for this study, were measured by the questionnaire responses. We excluded subjects who answered "Yes" to the question "Has a doctor ever told you that you have high blood pressure or hypertension?" in the first-wave questionnaire by regarding them as having a medical history of hypertension. New cases of hypertension were defined as those individuals who reported physician-diagnosed hypertension in one of the follow-up questionnaires and who did not have hypertension at baseline. The question was as follows: "Have you been diagnosed with hypertension by a doctor since the last survey?" The subsequent question, "In what year and month was your hypertension first diagnosed?" determined the diagnosis date of hypertension during the follow-up period.
Follow-up period
In subjects diagnosed with hypertension, the follow-up period was calculated as the difference between the date of the first survey and the date of hypertension diagnosis. In normotensive subjects, the follow-up period was calculated from the date of the first survey to that of the third survey. If normotensive subjects were lost to follow-up in the second or third wave, their follow-up period was calculated as the difference between the date of the first survey and that of the final survey that they completed.
Working hours and overtime work
We obtained data from the first wave in 2006. The information on self-reported working hours was collected in the first-wave questionnaire by the following question: "How many hours do you work per week, excluding mealtimes?" Working hours per week were categorized as ≤40, 41-50, 51-60, and ≥61 hours. We defined 'overtime work' as over 40 hours per week with reference to the 40 h outlined in the Labor Standards Act in Korea.
Other covariates
The KLoSA questionnaire includes questions about a wide array of characteristics. Using the questionnaires, we measured several covariates that were considered necessary for this study. Data were collected on demographic characteristics (age, sex, and education), regular exercise, smoking habit, alcohol habit, and body mass index (BMI; height and weight), all of which are reported risk factors of hypertension. We also collected data on the number of working hours per week, occupation type, form of employment (regular, temporary, or part-time), and income, all of which are occupational-related factors.
The education level was categorized as elementary school graduation or less, middle school graduation, high school graduation, and college graduation or more. An exercise habit was defined as exercise more than once a week and categorized as regularly performed or otherwise. A smoking habit was categorized as current smoking, past smoking, and nonsmoking. A drinking habit was categorized as current drinking and nondrinking. BMI was calculated by height and weight, which subjects filled in by themselves, and was calculated as weight/height 2 (kg/m 2 ); a BMI of ≥25.0 kg/m 2 was regarded as overweight. Jobs were categorized into eight groups by job type. Jobs were categorized by form of employment into regular, temporary, or part-time. Income was categorized as ≤990,000 won, 1,000,000-1,990,000 won, 2,000,000-2,990,000 won, ≥3,000,000 won, and neglect to answer. Finally, the number of working days per week was categorized as ≤5 and ≥6.
Statistical analyses
The major focus of the data analysis was the relationship between the onset of self-reported hypertension and the number of working hours per week. We calculated the mean number of working hours and the proportion of overtime workers for each categorized variable to analyze the general characteristics of the subjects. We then analyzed the distribution of each group by Pearson's chi-squared test or the Kruskal-Wallis test. Cox proportional hazards models were used to evaluate the association between the number of working hours per week and the onset of selfreported hypertension, and weighted cases were used. Assumptions regarding the use of Cox proportional hazards were met by inspection of the log minus log function at the covariate mean [26] . The models comprised Model 1 (not adjusted), Model 2 (adjusted for age and sex), Model 3 (adjusted for age, sex, and health-related factors including smoking habit, alcohol habit, regular exercise, and BMI), and Model 4 (adjusted for age, sex, health-related factors, education, and occupational factors including income, occupation, form of employment, and working days per week). Additional models, Model 1 s -Model 4 s , were calculated after gender stratification. Model 1 s was not adjusted. Model 2 s was adjusted for age. Model 3 s was adjusted for age, and health-related factors. Model 4 s was adjusted for age, healthrelated factors, education, and occupational factors. The analysis was performed using IBM SPSS Statistics, version 20.0.0 software (IBM, Inc., Armonk, NY, USA) A two-sided probability value of p < 0.05 was considered to indicate statistical significance. Table 1 shows the general characteristics of the selected population. The mean number of working hours per week among all subjects was 47.68 ± 14.21 h per week. The proportion of overtime workers was 61.0% (cutoff, 40 h per week). Male subjects comprised 65.2%, and workers aged 45 to 49 years comprised the largest proportion, and beyond that, with increasing age, the groups comprised decreasing proportions of the total. Workers with a high school diploma comprised the highest percentage, at 39.9%, and those with a college degree or beyond comprised the lowest, at 19.7%. The group that had finished middle school was associated with the highest average number of working hours at 50.41 ± 15.96 h, and those with a college diploma or beyond were associated with the least, at 43.86 ± 10.08 h. With respect to income, 1,000,000-1,990,000 won was associated with the highest and ≤990,000 won with the second highest number of working hours. Among occupations, the engineers and semi-experts were associated with the lowest and service and sales workers with the highest number of working hours. Workers with regular employment, as opposed to those with temporary or part-time jobs, were the largest group, comprising 69.3% of the total, and the working hours of those with regular employment averaged 48.56 h, which was the highest among the workers. With respect to BMI, only 19.4% of all subjects were in the high-risk group of >25 kg/m 2 . Table 2 shows the general characteristics of all subjects categorized by working hours per week. In the ≥61 h group, the proportion of female subjects tended to be higher than that in the other groups. The higher the number of working hours per week, the lower the level of education. In the ≤40 h group, managers, professionals, and expert workers comprised higher proportions than in the other groups classified by working hours. In the ≥61 h group, the proportions of elementary workers and service and sales workers were also higher. The proportion of subjects who worked ≥6 days a week in the 51-to 60-h group was 89.3%, which was a higher proportion than in the other groups. Table 3 shows the results of the Cox proportional hazards models fitted to evaluate the association between work hours and the incidence of self-reported hypertension. The mean follow-up time was 3.68 years (median, 4.00 years). Among all subjects, 85 initially free of hypertension reported a medical diagnosis of hypertension (males, 53; females, 32). The cumulative incidence in these study subjects was 7.9% during the follow-up period.
Results
Among the groups classified by work hours, the highest number of subjects worked ≤40 h per week (421 subjects), and the lowest number worked ≥61 h (143 subjects). The cumulative incidence of hypertension was highest in the 41-to 50-h group (31 subjects) and lowest in the 51-to 60-h group (14 subjects A Cox proportional hazards model was additionally developed to observe the association between working hours and self-reported hypertension after gender stratification (Table 4 ). Model 1 s was not adjusted. Model 2 s was adjusted for age. Model 3 s was adjusted for age, and health-related factors. Model 4 s was adjusted for age, health-related factors, education, and occupational factors. Except for the ≥61-h group of Model 4 s , the hazard ratio of the females tended to be higher than that of the males.
Discussion
In this study, we attempted to identify the relationship between long working hours and self-reported hypertension. In Model 4, which adjusted for all selected variables, we identified a positive association between the 41 to 50-h, 51 to 60-h, and ≥61-h groups and the incidence of selfreported hypertension. Also in Model 4, the p for trend, which showed statistical significance (p = 0.013), suggested that the risk of self-reported hypertension increases as the number of working hours increases (Table 3) . Therefore, we concluded that long working hours is an independent risk factor for hypertension among middle-aged and older wage workers. It is difficult to define 'long working hours' , because the government definition varies from nation to nation. Bannai et al. [27] noted that the standard numbers of working hours of Korea, the US, France, and Denmark are 40 [28], 40 [29], 37 [29], and 35 hours/week, respectively. This resulted in the differences among the definitions for 'long working hours' of the researchers of each country. Our study defined 'long working hours' as over 40 h/week based upon the Korean Labor Standards Act because the subjects were Korean workers.
Our study found a higher hazard ratio in female workers than male ones except in one group; however, there were no statistically significant groups (Table 4 ). In female workers, the proportion of those in the service and sales group, for which the average number of working hours is the highest ( Table 1) , was much greater than the proportion of service and sales workers among males: 37.0% versus 2.6%, respectively. Because of the heterogeneity of distribution, the proportion of female workers in the ≥61 h group was the highest among the groups classified by number of working hours ( Table 2 ). This shows that the working conditions of female workers in Korea are worse than those of males. Meanwhile, gender-based physiological changes due to long working hours might not be the same in males and females [30] . Female workers usually have to bear the burden of job and domestic work. Actually working burden of female workers is higher than male's one [31] .
Our results are consistent with those of earlier studies. Nakamura et al. [32] showed that extensive overtime work was associated with increased blood pressure in normotensive male assembly-line workers. However, there was a limitation in terms of the lack of investigation of an association for clerks, engineers, and engineers/special technicians. Artazcoz et al. [33] showed that long work hours are associated with hypertension (adjusted odds ratio, 2.25; 95% CI, 1.17-4.32) among female workers in a cross-sectional study. Further research on sex differences in the workplace in Korea is necessary. Yang et al. [20] showed that individuals who worked 40, 41 to 50, and >50 h per week were 1.14-fold (95% CI, 1.01-1.28), 1.17-fold (95% CI, 1.04-1.33), and 1.29-fold (95% CI, 1.10-1.52) more likely to have self-reported hypertension, respectively, than were individuals who worked 11 to 39 h per week in a crosssectional study. Even though that study had a cross-sectional study design, but its findings are still meaningful because it targeted subjects in all age groups above the age of 18 years as well as all occupational groups. Hayashi et al. [9] found that within a group of white-collar workers followed longitudinally, blood pressure was significantly higher and number of sleep hours was significantly lower when working overtime (average overtime of 96 h/month) than those in a "control" period (average overtime of 43 h/month). Ambulatory monitoring methods were used in this study, which can be viewed as more valid due to the higher number of readings and lack of observer bias compared with any other method. Iwasaki et al. [10] showed significantly higher systolic blood pressure among salesmen aged 50 to 60 years who spent >61 h per week commuting and working than among those who spent <57 h. This study is worth comparing to ours in that the age group with significance is similar. However, there are differences in that the target subject occupation was limited to salesmen and the cutoff time with significance was 61 h.
On the other hand, several Japanese studies have reported negative associations. Nakanishi et al. [21] showed that long working hours are negatively associated with the risk of hypertension among male workers. This 5-year prospective cohort study was designed to directly measure blood pressure through serial annual health examinations. Nevertheless, it showed dissimilarities from our study and has limited generalizability because the subjects were only white-collar workers in Japan and were aged 35 to 54 years. Blue-collar workers reportedly have a higher risk of hypertension than do white-collar workers [34] . Therefore, it is possible that the influence of overtime work on the risk of hypertension might be underestimated. In addition, the authors defined hypertension as a systolic blood pressure of ≥160 mmHg and diastolic blood pressure of ≥95 mmHg, but these values have not been used since 1999 when the World Health Organization adopted a systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg as cutoff value for hypertension [25] .
Another study by Nakanishi et al. [3] found that working ≥10 h per day was an independent negative factor associated with the development of hypertension in a 3-year follow-up study of middle-aged Japanese male office workers. Similarly, their study was limited in that the subjects were restricted to male office workers and they were not able to control for all occupational groups. Wada et al. [22] showed that workers whose mean overtime was ≥50 h per month had lower risks of developing definite hypertension and high BMI. The advantages of this study were that blood pressure was directly examined and definite hypertension was measured; however, there were differences from our study in that they examined only male subjects and did not adjust for confounding factors other than age.
Meanwhile, some studies have shown no association. For instance, data collected in the Minnesota Heart Survey [24] revealed no association between job experience, including working hours, and blood pressure. Pimenta et al. [25] also showed no association between work hours or "total activity hours" and the incidence of hypertension among a cohort of Spanish university graduates. The limitation of this study was that the population that was studied comprised university graduates, who are more likely to follow healthier lifestyles that could decrease their risk of developing hypertension. In other words, selection bias was not controlled for. Our study addressed several of the above mentioned limitations of earlier studies. First, various occupations including blue-collar and white-collar were controlled for so that our study subjects were representative of Korean wage workers. Second, we considered the temporality of the association by using prospective data, in contrast to other cross-sectional studies. Third, we adjusted for occupation-and health-related factors, for which other studies did not control.
However, we unexpectedly observed a decrease in the hazard ratios among subjects who worked 51-60 h per week in Models 1 through 3. Heterogeneity of occupational factors seemed to be an influential factor in those three models because the decrease disappeared after adjusting for all factors, including occupational factors. The exact reason for this phenomenon is elusive. However, we propose possible explanations based on the general characteristics of the subjects. First, the working days per week might have played an important role. Even with the same working hours, working 5 days or 6 days per week could affect the worker differently. Second, adjustment for type of occupation could have changed the hazard ratio of Model 4 because the average number of working hours varies according to the occupation.
On the basis of several theories of the mechanism of hypertension secondary to long working hours, a plausible explanation of our research results can be proposed. First, overtime work may act directly as a stressor. Belkic et al. [35] showed that normotensive workers developed increased blood pressure in the workplace. Second, overtime work may increase exposure to other workplace hazards such as job stress and effort-reward imbalance. Permanent physiological changes can develop, and hypertension can develop secondary to these factors [36] . Third, overtime work may promote unhealthy behaviors such as drinking or smoking. However, actual research results are mixed in terms of both positive and negative associations [37] [38] [39] . Fourth, overtime work may be associated with fatigue and shorter sleep hours. Sleep deprivation exacerbates the activity of the sympathetic nervous system, increases the heart rate, and elevates the blood pressure. This hypothesis is supported by the fact that <6 h of sleep a day was associated with a higher risk of heart disease compared with a normal sleep group in one study [40] . In addition, lack of sleep is involved in a shorter time available for recovery and is correlated with disruption of physiological processes [8] .
The limitations of this study were as follows. First, the incidence of hypertension was measured by self-reported hypertension questionnaires and not accurately diagnosed by directly checking blood pressure. However, self-reported hypertension can be treated as a comparable measurement of "awareness of hypertension" [41] . Other studies have shown that the proportion of self-reported hypertension was usually lower than the measured blood pressure [42, 43] . Therefore, self-reported hypertension seems to be an unbiased underestimation of true hypertension [20] . Selem et al. [44] showed that self-reported hypertension is valid in adults and elderly individuals and is thus an appropriate indicator for surveillance of hypertension prevalence in the absence of blood pressure measurement. Second, with the exception of BMI, smoking history, and drinking habit, we could not adjust for other risk factors of hypertension (e.g., family history, high-salt diet, high-potassium diet, etc.) because of data limitations. Third, all subjects' were ≥45 years of age. This study could not target workers of all age groups, so well-designed studies using larger sample sizes and a wider variety of age would be valuable in the future. Fourth, we did not consider the variation of working hours from 2006 to 2010; the number of working hours may have changed with workers' changing positions or departments.
Conclusion
Previous studies were inconclusive on the association of long working hours and hypertension. However, our findings suggest that the risk of self-reported hypertension increases as the number of working hours increases. Thus, long working hours (≥41 h) may be an independent factor associated with hypertension among middle-aged and older wage workers. Working hour management might thus be essential for prevention of hypertension among workers.
